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EXECUTIVE  SUMMARY 


This  report  documents  the  Federal  Aviation  Administration  (FAA)  Technical 
Center's  Cessna  172  (C-172)  Fixed  Wing  Microwave  Landing  System  (MLS)  Terminal 
Instrument  Procedures  (TERPS)  approach  data  collection  and  processing  project. 
This  is  one  portion  of  the  Technical  Center's  MLS  TERPS  data  collection 
program.  As  the  implementation  of  MLS  approaches,  the  application  of 
Instrument  Landing  System  (ILS)  TERPS  criteria  to  MLS  guided  procedures  has 
become  inadequate  due  to  MLS ' s  more  extensive  guidance  capabilities.  The 
Technical  Center's  Engineering  Division,  ACT-100,  was  tasked  by  the  Standards 
Development  Branch,  AVN-210,  Aviation  Standards  National  Field  Office,  through 
the  Navigation  And  Landing  Division,  APM-400,  with  collecting  and  processing 
MLS  TERPS  flight  test  data  in  a  Cessna-172  general  aviation  aircraft.  AVN-210 
will  use  the  data  collected  during  this  project,  and  additional  projects  being 
conducted  in  various  aircraft  by  the  Technical  Center  and  other  organizations, 
to  develop  MLS  TERPS  criteria. 

During  this  flight  test  series,  various  approach  and  departure  procedures  were 
flown  in  a  leased  C-172  to  and  from  runway  13/31  at  the  Atlantic  City 
Internat  ional  -Airport  (ACY).  The  departure  procedures  flown  will  be  the 
subject  of  another  report.  A  Bendix  Basic  Narrow  MLS  was  used,  along  with  a 
Bendix  MLS  receiver.  Approach  angles  of  3°,  4°,  and  5°  were  used  for  both 
missed  approaches  and  landings.  Sixteen  general  aviation  subject  pilots 
completed  all  or  part  of  the  flight  test  series.  All  flights  had  aircraft 
parameters  recorded  by  an  on-board  data  collection  system,  and  were  tracked 
throughout  by  ground  based  tracking  systems. 

The  airborne  and  tracking  data  from  each  flight  were  checked  for  validity, 
merged,  smoothed,  and  gaps  in  the  data  were  filled  by  either  linear 
interoolat ion  or  a  1  east -squares  quadratic  polynomial  curve  fitting  routine. 
The  data  were  partitioned  into  bins  and  statistical  calculations  were 
performed.  Plan,  profile,  composite,  isoprobability,  and  scatter  plots  were 
drawn.  The  processed  data  were  delivered  to  AVN-210  for  inclusion  in  the  MLS 
TERPS  criteria  development  data  base. 


INTRODUCTION 


BACKGROUND  AND  OBJECTIVES. 

As  the  imp  lenient  at  ion  of  the  Microwave  Landing  System  (MLS)  approaches,  the 
application  of  Instrument  Landing  System  (ILS)  Terminal  Instrument  Procedures 
(TERPS)  criteria  to  MLS  guided  approaches  and  departures  has  become  inadequate 
due  to  MLS ' s  more  extensive  guidance  capabilities.  The  Federal  Aviation 
Administration  (FAA)  Technical  Center's  Engineering  Division,  ACT-100,  was 
tasked  by  the  Standards  Development  Branch,  AVN-210,  Aviation  Standards 
National  Field  Office,  through  the  Navigation  And  Landing  Division,  APM-400, 
with  collecting  and  processing  MLS  TERPS  flight  test  data  in  a  Cessna-172 
(C-172)  general  aviation  aircraft.  AVN-210  will  use  the  data  collected  during 
this  project,  and  other  projects  being  conducted  in  various  aircraft  by  the 
Technical  Center  and  other  organizations,  to  develop  an  MLS  TERPS  criteria  data 
base . 


SYSTEM/EQUIPMENT  DESCRIPTION 
MLS  AND  PRECISION  DISTANCE  MEASURING  EQUIPMENT. 

The  "Basic  Narrow"  MLS  used  for  this  project  was  developed  for  the  FAA  by  the 
Communications  Division  of  the  Bendix  Corporation.  It  consists  of  azimuth  and 
elevation  subsystems  in  a  noncol located  configuration.  It  provides 
proportional  guidance  through  _+40°  of  azimuth  and  0'  to  15°  in  elevation  in  the 
Phase  III  signal  format.  An  International  Civilian  Aviation  Organization 
(ICAO)  signal  format  MLS  could  not  be  procured  in  time  for  this  phase  of  the 
project.  Because  a  Precision  Distance  Measuring  Equipment  (DME/P) 
ground  station  was  not  available  for  this  flight  test  series,  the  airport 
Conventional  Distance  Measuring  Equipment  (DME/N)  ground  station  was  used 
instead.  This  did  not  present  a  problem  procedurally  because  the  airport  DME 
ground  station  is  located  next  to  runway  13/31,  approximately  1  mile  from  the 
azimuth  DME  location. 

TEST  AIRCRAFT. 

The  test  aircraft  was  a  leased  Cessna-172P.  This  is  a  representative  small 
general  aviation  (GA)  aircraft,  with  a  gross  weight  of  approximately  2,400 
pounds,  a  cruising  speed  of  110  knots,  and  approach  speeds  in  the  range  of  70 
to  90  knots.  The  aircraft's  avionics  were  standard,  except  for  the  addition  of 
a  Bendix  MLS  Service  Test  Evaluation  Program  (STEP)  receiver  and  control  head. 

AIRBORNE  DATA  COLLECTION  EQUIPMENT. 

The  airborne  data  collection  system  (figure  1)  was  designed  and  fabricated  bv 
ACT-140.  It  was  controlled  hv  a  Motorola  6809  microprocessor  and  an  ACT-140 
designed  Aircraft  Systems  Coupler  (ASC)  retrieved  analog  and  digital  aircraft 
sensor  data,  along  with  time  code  generator  data,  and  formatted  it  in  8-bit 
parallel  form  for  processing  by  the  computer.  The  data  were  recorded  on  a 
digital  cassette  tape  recorder  twice  per  second.  A  Collins  DME-40  interrogator 
was  used  to  provide  DME  information  to  the  data  collection  system  (the  GA  DME 


interrogator  installed  in  the  instrument  panel  was  not  equipped  with  recordable 
outputs).  The  parameters  collected  are  listed  in  table  1. 


TABLE  1.  AIRBORNE  DATA  COLLECTION  PARAMETERS 


Parameter 

Units 

Reso 1 ut ion 

T  ime 

Hours,  ra inut es , second s , 

1/10  second 

0.1  sec 

Vertical  deviation 
technical  error 

( f 1 ight 
(FTE) ) 

Crosspointer  deviation 
in  millivolts  (mV) 

0.5  mV 

Lateral  deviation 

(FTE) 

Crosspointer  deviation  (mV) 

0 . 5  mV 

MLS  azimuth 

Degrees 

0.005° 

MLS  elevat  ion 

Degrees 

0.005° 

DME 

Nautical  miles  (nmi) 

0.01  nmi 

AIRCRAFT  TRACKING 

EQUIPMENT. 

In  order  to  assure 

cont inuous 

tracking  of  the  aircraft  during 

al  1  maneuve  rs 

two  different  tracking  systems  were  used:  NIKE  radar  and  a  laser  tracker. 

The  Technical  Center's  NIKE  radar  is  a  precision  X-band  instrumentation  radar 
system  chat  was  adapted  from  a  missile  tracking  radar  to  measure  and  record  an 
aircraft's  position  in  slant  range  and  azimuth  and  elevation  angles.  NIKE  has 
a  maximum  range  of  200  nmi . 

The  pulsed  infrared  laser  tracker  is  positioned  approximately  0.5  mile  north  of 
runway  13/31.  A  mirrored  ret roref 1 ec tor  was  mounted  below  the  cockpit  of  the 
aircraft  to  return  the  laser  beam.  Slant  range  and  azimuth  and  elevation 
angles  were  recorded  as  for  NIKE.  The  laser  tracker  general Iv  provided  the 
more  accurate  tracking  data  at  distances  of  5  nmi  or  less  from  the  ground  point 
of  intercept  (GPI),  and  at  these  distances  is  preferred  to  NIKE  data.  Parallax 
corrections  for  MLS  antenna  and  retroref lector  locations  were  not  made  because 
of  their  relatively  close  proximity. 

TEST  LOCATION. 

All  procedure  development  and  data  collection  flights  were  flown  to  and  from 
runway  13/31  at  the  Atlantic  City  International  .Airport  (ACY),  which  is  located 
on  the  grounds  of  the  FAA  Technical  Center,  Egg  Harbor  Township,  New  Jersev. 


PROCEDURE  DEVELOPMENT  AND  EVALUATION 


The  procedures  for  this  flight  test  series  were  developed  bv  Mr.  Theos 
McKinney,  ACT-630,  FM  Technical  Center,  and  personnel  from  the  Standards 
Development  Branch,  AVN-210,  located  at  the  FAA  Aeronaut  i c a  1  Center,  Oklahoma 


City,  OK.  AVN-210  personnel  were  at  the  Technical  Center  during  the  procedure 
evaluation  flights.  The  procedure  evaluation  flights  were  flown  by  Technical 
Center  pilots  to  and  from  runway  13/31.  Approach  angles  up  to  6°  were  flown 
before  the  final  determinations  were  made.  After  considering  a  number  of 
factors  including  safety  and  approaches  during  tailwinds,  it  was  determined 
that  the  maximum  operational  elevation  angle  (MOEA)  would  be  5°.  Since  the 
shallowest  approach  angle  would  be  3°,  it  was  obvious  that  the  midpoint 
elevation  angle  should  be  4“.  At  the  same  time,  two  departure  procedures  where 
evaluated.  They  will  be  discussed  in  the  C-172  "Departures  Data  Report." 

OPERATIONAL  PROCEDURES 


SUBJECT  PILOT  SELECTION. 

The  subject  pilots  for  this  flight  test  program  were  taken  from  the  ranks  of 
general  aviation  pilots.  In  all,  lb  subject  pilots  were  used.  All  pilots  were 
instrument  rated,  and  had  no  previous  experience  flying  MLS  procedures. 

SUBJECT  PILOT  BRIEFING. 

When  a  subject  pilot  arrived  at  the  Technical  Center,  he  received  a  thorough 
briefing  by  one  of  the  project  safety  pilots.  Included  in  the  briefing  was  an 
explanation  of  the  operation  of  MLS,  a  review  of  aircraft  operating  procedures, 
and  a  review  of  the  procedures  to  be  flown.  A  sample  of  the  information  nacket 
sent  to  each  subject  is  in  appendix  A. 

DATA  COLLECTION  FLIGHTS. 

In  addition  to  the  subject  and  safety  pilots,  each  flight  had  a  data  collection 
technician  onboard.  The  data  collection  technician  operated  the  data 
collection  system,  monitored  all  project  equipment,  and  recorded  event  mark 
times  and  other  observations  on  a  flight  log  (see  appendix  B).  The  project 
safety  pilot  handled  all  communication  with  air  traffic  control  (ATC)  and  the 
tracking  facilities,  monitored  the  subject  pilot  for  safe  operation  of  the 
aircraft,  and  operated  the  vision  restricting  goggles. 

Instead  of  conventional  vision  restricting  goggles  or  a  hood,  an  e 1 ec t ron  i  c a  1 1 v 
controlled  set  of  instrument  meteorological  condition  (IMC)  simulation  goggles 
were  used.  These  goggles  have  the  ability  of  simulating  runwav  visual  ranee 
(RVR)  of  0  to  1  mile.  They  can  also  be  instantly  cleared  to  simulate  breaking 
oul  of  Clouds.  The  goggles  have  a  sensing  switch  that  allows  a  portion  of  the 
goggles  to  be  clear  while  the  subject  pilot  is  looking  at  the  instruments,  but 
causes  the  goggles  to  completely  fog  over  if  the  subject  lifts  his  head  to  look 
out  of  the  cockpit.  Since  the  goggles  were  operated  by  the  safety  pilot,  the 
chances  of  cheating  were  reduced,  and  a  more  natural  flight  environment  was 
presented.  Therefore,  the  subject  pilot  was  able  to  concentrate  on  living  the 
aircraft  and  not  have  to  worry  about  removing  a  hood  at  decision  height  (0)0. 
During  an  approach,  the  visibility  was  set  to  zero.  When  the  subjivt  pi  I  n 
reached  DH ,  the  safety  pilot  simply  cleared  the  glasses  for  a  landing  or  kept 
them  fogged  for  a  missed  approach.  This  was  important,  since  the  subject  pi  !  't 
did  not  know  if  the  procedure  would  terminate  in  a  landing  or  a  missed  approach 
unt  i  1  reach ing  DH . 


Each  subject  pilot  flew  16  approaches.  Twelve  resulted  in  missed  approaches, 
and  four  were  flown  to  landing.  In  addition,  four  departures  were  flown  and 
will  be  discussed  in  the  C-172  Departures  Data  Report.  The  sequence  of  runs  is 
listed  in  table  2 . 

TABLE  2.  SEQUENCE  OF  APPROACHES  AND  DEPARTURES 
Session  1  Session  3 

1.  Shuttle  departure  11.  Course  reversal  departure 


2. 

3° 

Missed  approach 

12. 

5° 

Missed 

approach 

3. 

4° 

Missed  approach 

13. 

3“ 

Missed 

approach 

4. 

5° 

Missed  approach 

14. 

4“ 

Mi ssed 

approach 

5. 

3° 

Land i ng 

15. 

4“ 

Land ing 

Session  2 

Sess  ion 

4 

6. 

Shuttle  departure 

16. 

Shuttle  departure 

7  . 

4° 

Missed  approach 

17. 

3“ 

M i ssed 

approach 

8. 

5° 

Missed  approach 

18. 

4° 

Missed 

approach 

9  . 

3° 

Missed  approach 

19. 

5“ 

M i ssed 

approach 

10. 

5° 

Land i ng 

20. 

3° 

Land i ng 

DATA  PROCESSING 


FLIGHT  TEST  DATA. 

Flight  Test  data  came  from  four  sources;  an  airborne  data  tape,  a  NIKE  tracking 
tape,  a  laser  tracking  tape,  and  observer  flight  logs.  The  airborne  tape 
contained  the  aircraft  parameters  collected  onboard  the  aircraft  during  the 
data  collection  flights  (table  1).  The  NIKE  and  laser  tracking  tapes  contained 
tracking  data  that  had  been  converted  from  slant  range,  azimuth,  and  elevation 
to  X,  y,  and  z  coordinates  using  the  Technical  Center  coordinate  system. 

During  processing  the  origin  of  the  tracking  data  was  translated  to  the 
appropriate  GPI  for  each  glide  slope  angle.  The  observer  flight  logs  contained 
the  times  for  specific  events  during  the  procedures  and  any  other  pertinent 
information  about  the  flight. 

SUBJECT  PILOT  QUESTIONNAIRE. 

At  the  conclusion  of  the  fourth  flight  session,  the  subject  pilot  was  given  a 
questionnaire  to  fill  out  (see  appendix  C).  These  questionnaires  asked  the 
pilot  his  opinions  on  the  flyabilitv  of  each  procedure.  The  completed 
questionnaires  were  forwarded  to  .AVN-210  for  tabulation  and  analvsis. 

PLAN  AND  PROFILE  VALIDITY  PLOTS. 

For  each  approach,  plan  and  profile  view  validity  plots  were  gener.ued  'se-' 
appendix  D).  These  plots  depict  vertical  and  lateral  aircraft  position  and  the 
i  orrespond  i  r.g  azimuth  and  elevation  crosspointer  deviations,  with  respect  to 


the'  init-ndeJ  path.  The  plots  de  t  o  rai  i  :t  od  which  runs  contained  valid  data.  Runs 
that  had  h,ad  track  ins,  lata  were  incorreitlv  flown  due  to  .ATC  instructions,  or 
wert“  ;  nv  a  1  ;  1  I'r  uner  reasons,  were  eliT.nated  from  the  statistics  pool.  The 
t  't  il  n  imb-.T  't  r  1:1-5  f  !  -w-i  and  the  number  th.at  were  -isable  are  shown  in 
table  1  . 


TARl.E  3.  LI.RT  '^'F  rSAAIil  Rt'NS 


Total  Number  of  Pilots: 

Total  Number  at  .Approaches: 

Number  of  .Missed  .Approaches  and  Landings 
Providing  Usable  Hata: 


Number  of  Missed  .Approaches  Providing  Usable  Data: 
3°  Missed  .Approaches: 

■k "  Missed  .Approaches: 

0°  Missed  .Approaches: 

Tot  al 


umber  of  Landings  Providing  "sable  Data: 
3'’  Land  1  ngs  : 
k”  Landings: 

5  °  Landings: 

Total 


MERGE  . 


In  order  to  pr.icess  data  that  came  from  three  different  sources,  it  was 
necessarv  to  merge  the  data  from  the  airborne,  NIKE,  and  laser  tapes  into  one 
file.  UTien  recorded,  each  record  on  each  tape  had  been  tagged  with 
svnehronized  time.  Thus,  it  was  possible  to  merge  the  data  from  the  three 
different  tapes  into  one  data  file.  The  time  on  the  airborne  tape  was 
consi-irred  the  "master,"  and  the  data  from  the  tracking  tapes  were  aligned  with 
t  ht-  data  frim  t'ne  airborne  tape.  A  mode  flag  was  created  for  each  merged  data 
f:l.'  tn  indicate  which  trackina  data  sets  were  valid.  Tracking  data  were 
msiiorod  i:ivalid  i:ilv  if  tiiere  were  no  data  with  the  proper  time  tag. 


FILL. 


as;  mil  !v,  zaps  were  present  in  both  the  airborne  and  tracking  data.  To 
'•j\  le  as  .  intin-i^'is  .1  strinc  of  data  as  Piissible,  two  methods  were  used  to 
11  .n  fiese  zaps.  If  the  gap  ^on.sisted  of  >n!v  one  missing  record,  linear 
'•'rp-'lat  ’n  was  used  to  ,  al,-i;ate  the  missing  lat.a.  If  the  gap  was  between 
in:  ?/'■  r--,  ris  Ivig,  a  1  e  a  s  t  -  sc  u  a  r  es  luadratic  pol-.-nomial  curve  fitting 
: :  1  >•  w  IS  i-o-:.  :f  :  h.-  gin  w.is  greater  than  records,  the  gap  was  too  lone 


gap  w.is  g  reate 


la  t  1  na  se  . 


1  '-r  -b..  -:-,  w  IS  ii-.^  'v-  re.;  in  somt-  it  ibe 
urT.-  the  n  r.- :  at  :  m  s-.-stem  error  plats.  Tlu 


plots  were  extremely  noisy,  having  cyclical  spikes  with  peak  to  peak  values  if 
30  feet  or  more.  .After  extensive  investigation,  the  problem  was  traced  to  the 
conversion  of  MLS  azimuth,  elevation,  and  DME  to  the  x,y,z  coordinates  ne-ed.-l 
for  certain  statistical  processing.  The  algorithms  used  during  .ooriina’.e 
conversion  were  designed  to  use  DME/P  data  with  a  resolution  of  h.Ol  nmi. 
However,  only  DME/N  data,  which  has  a  resolution  of  O.l  nmi,  were  available 
during  the  flight  tests,  so  smoothing  of  the  DME/N  data  was  necessarv.  The 
DME/N  data  were  put  through  a  4l-point  smoothing  filter,  and  the  resulting  data 
were  truncated  to  O.Ol  nmi.  This  smoothed  data  was  used  for  all  statistical 
processing  where  DME/P  data  were  needed,  and  produced  results  similar  to  those 
seen  in  previous  tests  using  DME/P  data. 

DATA  PARTITIONING. 

In  order  to  compute  the  required  statistics,  it  was  necessarv  to  partition,  or 
bin,  the  data  horizontally  (perpendicular  to  the  intended  flightpath),  and 
vertically  (parallel  to  the  ground).  For  horizontal  bins,  the  first  bin  (bin 
zero)  is  located  along  the  system  x-axis  (runway  centerline)  at  the  point  where 
a  line  dropped  from  the  theoretical  threshold  crossing  height  (TCH'>,  whi^h  is 
50  feet  above  ground  level  (AGL),  intersects  the  x-axis.  Each  subsequent  bin 
was  located  at  50-meter  intervals,  with  positive  bins  located  on  the  appr^a^h 
side  of  bin  zero  and  negative  bins  located  on  the  landing,  or  missed  approach 
side  of  bin  zero.  Additional  bins  were  located  at  the  following  points: 

1.  Intermediate  Approach  Fix 

2.  Final  Approach  Fix 

3.  Missed  Approach  Point  (DH) 

4.  Missed  Approach  Boundary 

Vertical  partitions  were  established  for  missed  approach  segments.  The 
vertical  bins  were  located  at  lO-meter  intervals  AGL  while  below  DH 
(200  feet),  and  at  25-meter  intervals  AGL  above  DH  to  2000  feet  AGL. 

STATISTICS. 

Statistical  calculations  were  performed  un  the  data  in  eai.  h  bin.  The 
parameters  calculated  are  in  table  4. 


TABLE  4.  STANDARD  STATISTICS 


Parameter 
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STATISTICAL  PRINT'MTS  AND  TAPES. 
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TABLE  5.  STANDARD  STATISTICS  EQUATIONS 

Arithmetic  Vein  (first  moment  about  zero);  X  = 

Second  Moment  About  Zero:  M2  =  i;x2 

Third  Moment  About  Zero:  M3  =  £X3 

N 

Fourth  Moment  About  Zero:  =  EX^ 

“tT 

Biased  Estimate  of  Variance;  S{j2  =  f.^2  -  Mi2 

Unbiased  Estimate  of  Variance:  3^2  =  (S]32)n 

N-1 

Biased  Estimate  of  Standard  Deviation:  S^  =  sl^ 
Unbiased  Estimate  (jf  Standard  Deviation:  S^  = 

Skewness:  bj  =  M3  -  3M1M2  +  ZMp 


TABLE  7.  PARAMETERS  FOR  STATISTICAL  CALCULATIONS: 

MISSED  APPROACH  SEGMENT;  LONGITUDINAL  BINS 

1.  Crosstrack  position  (feet) 

2 .  A1 t i tude  ( feet ) 

TABLE  8.  PARAMETERS  FOR  STATISTICAL  CALCULATIONS: 

MISSED  APPROACH  SEGMENT;  VERTICAL  BINS 

1.  Along  track  position  (feet) 

2.  Altitude  (feet) 

TABLE  9.  PARAMETERS  FOR  STATISTICAL  CALCULATIONS: 

MISSED  APPROACH  SEGMENT;  MINIMA  ANALYSIS 


1 . 

Altitude  at 

DH  (feet) 

2. 

Along-t  rack 

dev i at  ion  at 

DH  (feet) 

3. 

Crosstrack 

deviation  at 

DH  (fee 

t) 

4. 

A  1  ong-t  rack 

dev i at i on  at 

lowest 

a  1 

t  i  tude 

( feet ) 

5  . 

Cr  os  s  t  r  ac  k 

devi at  ion  at 

lowes  t 

a  1 1 

i  tude 

(  fe  et ) 

6. 

Lowest  a  1 1  i 

tude  ( feet ) 

7  . 

Height  loss 

( feet ) 

1 1 


APPENDIX  A 

SUBJECT  PILOT  INFORMATION  PACKAGE 


ADHItJISTTLMIVX  INFORMATION 


Name 


Home  Address 

City 

State  Zip 

Employe  r 

Position 

Date  of  Birth 

Social  Security  liumiber 

Home  Phone 

Work  Phone 

Flying  Affiliations: 


TAA  Ratings  (Private,  Instrument,  etc.): 


Total  Flight  Hours:  _ 

Total  Cessena-172  dours: 


Hooded  IFR  Hours: 


Actual  IFR  Hours: 


Other  Civilian  and  Military  Flying  Experience: 


Project  : 
Sponsor  : 
Monitor  : 


MLS  Steep  Angle  Approaches  for  TURPS,  T0603P 
?\A  M’avigation  and  Landing  Branch,  APM-410 

r.L\  Standards  Developnent  Branch,  Aviation  Standards  M’ational  Field 
Office,  AvdJ-dlO 


0  b  j  e  c  t  i  ve  ; 

To  provide  flight  data  suitable  for  procedures  specialists  to  develop  criteria 
for  MLS  guided  approaches  and  departures  for  general  aviation  aircraft.  This 
data  will  be  used  to  update  Terminal  Instrument  Procedures  (TLRPS)  for  fixed 
wing  aircraft. 

Operational  Areas  Include 

1.  MLS  Precision  Approaches 

2.  Mormal  and  Steep  (3°,  4°,  5°)  Approach  Gradients 

3.  Height  Loss  at  Missed  Approach  Point 

4.  MLS  .Vzimuth  Departures 

Tec  ileal  Issues 

1.  Pilot  Workload 

2.  Mrcraft  Performance  Limitations 
Location 


Federal  .Aviation  /Administration  Technical  Center 
Atlantic  City  Airport,  .’.’J  08405 

Project  Cont ract s 

1.  Edward  Pugaez,  Project  Manager 

MLS  Fixed  Wing  TERPS  Flight  Tests,  ACT-140 
(609)  434-5707,  FTS  432-5707 

2.  Ken  Johnson,  Subject  Pilot  Scheduling 
(609)  434-6467,  FTS  432-6467 
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Attachment  #1 
VOLUNTARY  FAA  EMPLOYEE 

In  order  to  cover  our  legal  obligation  to  you  during  your  participation  in 
this  project,  a  request  for  personnel  action  will  be  filled  out  for  you  using 
the  information  you  supply  on  the  subject  pilot  personal  information 
questionnaire.  This  will  make  you  a  WITHOUT  COMPEUSATIOII  VOLUNTEER  EMPLOYEE 
with  the  Guidance  and  Airborne  Systems  Branch,  ACT-IAO,  FAA  Technical  Center, 
Atlantic  City  Airport,  NJ,  without  compensation  during  the  term  of  your 
involvement  in  this  project,  approximately  3  days. 

Employee  Status 

A  WITHOUT  COMPENSATION  VOLUiriEER  EMPLOYEE  is  a  Federal  Employee  for  any 
purposes  other  than  injury  compensation  or  laws  related  to  the  Tort  claims 
Act.  Service  is  NOT  creditable  for  leave  accural  or  any  other  employee 
benefits.  However,  travel  orders  will  be  issued  to  you,  and  thereby  provide  a 
method  to  reimburse  you  for  travel  expenses  as  described  in  attachment  Ir2. 

Volunteer  Employee  Duties 

During  your  involvement  in  this  project,  you  will  perform  the  duties  of  pilot 
of  a  Cessna-172  aircraft.  Including  preflight  planning,  aircraft  control, 
navigation,  and  communication.  You  will  be  assigned  to  perform  the  technical 
inflight  evaluation  of  various  guidance  and  airborne  systems.  You  will 
normally  be  assigned  to  work  between  the  hours  of  8:00  a.m.  and  4:30  p.m.  You 
will  be  the  pilot  of  the  aircraft,  however,  the  project  safety  pilot  will  be 
pilot-ln-command  AT  ALL  TIMES. 

Quallf ications 

You  will  be  required  to  meet  the  following  minimum  qualifications  to 
participate  in  this  project: 

1.  Hold  a  valid  FAA  Pilot  Certificate  with  an  Instrument  Rating. 

2.  Hold  a  valid  FAA  Medical  Certificate. 

3.  Meet  the  recent  flight  experience  requirements  of  FAR  61.57. 
Termination 


Upon  the  completion  of  the  assignment,  your  voluntary  employment  will  be 
terminated,  with  no  further  obligation  to  either  party. 
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trav7:l  e::pe:;5Es 


You  will  be  reinbursed  for  nomal  travel  expenses  incurred  while  participating 
in  this  project.  A  U.S.  Government  travel  voucher,  Standard  Fom  1012,  has 
been  provided  for  you  to  record  expenses  and  submit  upon  the  completion  of 
your  participation  in  the  program.  The  following  is  a  list  of  important 
information  to  keep  in  mind  while  on  government  reimbursed  travel. 


1.  Mileage  for  actual  miles  driven  in  your  own  car  is  reimbursed  at  20.5«f  per 
mile. 


2.  Air  travel  (if  necessary)  should  be  via  coach  class,  and  at  a  discount  or 
excursion  fare,  if  available. 


By  Federal  Law,  the  MAXIMUII  ALLOWABLE  AMOUNT  you  can  be  reimbursed  for 
lodging  and  meals  during  any  one  day  is  ^126.00.  Of  that  amount,  ^33.00 
is  a  flat  reimbursement  for  meals  and  incidental  expenses,  except  for  the 
first  day  of  travel,  which  is  limited  to  il6.50.  The  remainder,  J93.00, 
is  a  maximum  amount  reimbursable  for  lodging.  All  other  reasonable 
expenses  (car  rental,  airline  tickets,  tolls,  etc.)  are  reimbursed  at  full 
rate . 


4.  All  receipts  for  airline  tickets,  lodging,  taxis,  and  tolls  must  be 

remitted  with  your  travel  voucher.  Receipts  for  meals  are  not  required, 


Upon  completion  of  the  form,  mall  to  the  following  address  in  the  postage 
paid  envelope  provided  for  your  convenience. 


Edx^ard  Pugacz 
FAA  Technical  Center 
ACT-140 

Atlantic  City  Airport,  NJ  08405 
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DIRECTIONS  TO  ATLANTIS  HOTEL/CASINO 


Take  the  Atlantic  City  Expressway  to  the  end.  Turn  right  onto  Atlantic 
Avenue . 

Proceed  several  blocks  south  to  Florida  Avenue.  Turn  left. 

Proceed  to  the  end  of  the  street.  (telephone  (609)  4A1-2888). 

DIRECTIONS  TO  THE  PIER  4  HOTEL 


Take  the  Atlantic  City  Expressway  to  the  Garden  State  Parkway  south.  Get  off 
on  exit  30. 

When  you  leave  the  toll  booth  proceed  straight  ahead  on  highway  52  towards 
Ocean  City.  Cross  route  9  and  proceed  to  the  traffic  circle. 

Bear  right  at  the  circle  and  exit  right  onto  the  first  road  (before  passing  the 
Circle  Liquor  Store). 

The  Pier  4  is  ahead  and  to  your  left  behind  the  Crab  Trap  restaurant. 

(telephone  (609)  927-9141). 

DIRECTIONS  TO  THE  COMFORT  INN  AND  DAYS  INN 

Take  the  Atlantic  City  Expressway  to  the  Garden  State  Parkway  south.  Bear 
right  on  the  parkway  1/4  mile  to  exit  37. 

From  exit  37  turn  left  onto  Washington  Avenue.  Proceed  to  the  traffic  light 
and  turn  right.  This  is  Fire  Road. 

For  Comfort  Inn:  Proceed  on  Fire  Road  to  the  first  traffic  light  and  turn  left 
onto  route  40  east.  Continue  on  route  40,  approximately  1/2  mile.  The  Comfort 
Inn  will  be  on  your  right  (telephone  609-646-8880). 

For  the  Days  Inn:  Proceed  on  Fire  Road  past  the  first  traffic  light  (route  40) 
until  just  short  of  the  second  traffic  light.  The  entrance  to  the  Days  Inn 
will  be  on  the  right,  just  before  the  Mobil  station  (telephone  609-641-4500). 
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DIRECTIONS  TO  THE  TECHNICAL  CENTER  FROM  THE 
GARDEN  STATE  PARKWAY  AND  ATLANTIC  CITY  EXPRESSWAY 


I 


If  travelling  on  the  Garden  State  parkway,  use  exit  38  west/to  Philadelphia. 

Take  the  Atlantic  City  Expressway  to  exit  9.  This  exit  has  a  mechanical  toll 
taker  that  takes  exact  change  only  (25  cents). 

If  travelling  from  Atlantic  City,  turn  right,  if  travelling  from  Philadelphia, 
turn  left,  and  proceed  over  the  bridge  to  the  traffic  circle. 

Exit  the  circle  on  the  third  road.  This  is  a  divided  highway  with  an  Atlantic 
City  Airport/FAA  Technical  Center  sign. 

The  main  gate  is  straight  ahead. 

At  the  main  gate  indicate  you  have  an  appointment  with  John  Ryan,  ACT-630, 
Flight  Operations  Building  (Hangar).  Parking  is  across  the  road  from  the 
hangar. 

Once  at  the  hangar,  proceed  across  the  hangar  floor  to  the  elevator.  We  are  on 
the  second  floor,  room  207. 

DIRECTIONS  TO  THE  TECHNICAL  CENTER  FROM  PIER  U  HOTEL 


Go  around  circle  and  proceed  on  highway  52  west  to  the  Garden  State  Parkway. 
Take  the  parkway  north  to  exit  38  (Atlantic  City  Expressway). 

Follow  Parkway/Expressway  directions  above. 

DIRECTIONS  TO  THE  TECHNICAL  CENTER  FROM  THE  COMFORT  INN  AND  DAYS  INN 


From  Comfort  Inn:  Turn  left  onto  route  40  west.  Proceed  to  the  second  traffic 
light  (at  the  Sears  Shopping  Center). 

Continue  to  the  traffic  circle,  and  exit  on  the  second  road  (between  the  Sunoco 
and  Mobil  stations).  This  is  Tilton  Road. 

Proceed  on  Tilton  Road  and  ov^er  the  bridge  to  the  traffic  circle. 

Exit  on  the  second  road  (divided  4  lane  highway)  and  proceed  straight  ahead  to 
the  main  gate.  Follow  the  last  two  Parkway/Expressway  directions  above. 

From  the  Days  Inn:  Tum  right  onto  Tilton  Road  (highway  563),  and  proceed  to 
Che  traffic  light  (at  the  Sears  Shopping  Center).  This  is  the  second  traffic 
light  from  the  Comfort  Inn.  From  this  point,  follow  directions  from  the 
Comfort  Inn. 
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MLS  RWY  31 


ATIANTIC  OTY  Aff  CON 
n4  6  jas.j 
AUANTIC  OTT  TOWa 
I  119  }]9.0 
G)«  CON 
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ciNC  oei 

177  U 

ASI 

Atis  loa.t 


ATLANTIC  CITY(ACT) 
ATLANTIC  CITY,  NIW  Jf«SET 


-MICROWAVE— 1 
CHAN  630 
M-ACY  blFd 

G1 Idepath  *.0 
-Azimuth  00^ 


ATLANTIC  CITY 
108. a  ACY 


/iJ'Opl  I 

090* - ^ 


Missed  Approach:  Climb 
Heading  308°  to  ISOOfeet 

M-ACY 

for  radar  vectors. 

4,6  OME 

H-ACY 

1776 

308° 

1,1  OME 

1 

MLS  00°(R/L) 

1  1800  GS  4.0° 

1 

1  ILh  /4 

MLS  TEST  VFR  ONLY 
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AtvAMnc  cirr  con 
174  «  s 

ah-antic  Cirr  TOwfli 
I  II  «  73t  0 
CNO  CON 
l}t.»  714.4 

ciMC  on 

177  U 

*SI 

Atll  lOi  4 


-HlC^lOWAVt  — 
CHAH  630 
,  m-ACY 


A  ^ 
a2t 


r^s 


TAKE-OFF  RUNWAY  13:  Depart  runway  heading  128° 
and  track  outbound  on  the  tl-ACY  00°  Azimuth,  climb 
to  1500  feet  before  reaching  the  5.0  POME,  maintai 
altitude  or  continue  cUmb  to  assigned  altitude. 

At  the  5.0  POME  turn  left  to  a  heading  of  83° 
and  Intercept  the  Rog*^  Azimuth  outbound,  at  the 
8.3  PCfiE  bold  as  depicted  or  proceed  inbound  on 
the  00°  Azimuth  as  directed  by  ATC. 


Note:  Holding  Airspeed  90  Knots 
Inside  Turn  Bank  Angle 
Outside  Turn  Bank  Angle  11° 
in  a  No  wind  condition. 


19'J7-U  -  74*:5'W 


atiantic  cirr,  NFwjustY 
AtlANIIC  ClTYIACY) 


A-11 


- 


MLS  COURSE-REVERSAL  DEPARTURE  {PILOT  NAV) 


ATLANTIC  CITY(ACY) 
ATIANTIC  ClTt,  HtW  JCUfT 


ATUWnC  CITY  Aff  CON 
)14.6  315.3 
ATIANTIC  OTY  TOW  01 
1  If  f  339.0 
CF«  CON 
131.9  314.6 
CINC  0€V 
137  IS 
AS! 

Alls  109  6 


-HICROWAVE- 
CHAN  630 
M-ACY  Z-r=. 


AtUkHIlC  CITY  1 
lot. 4  ACT  =s:  =  w 
Oma  23 _ ) 


TAKE-OPP  RUNUAY  13:  Depart  runway  heading  1P8° 
and  track  outbound  on  the  M-ACY  00°  Azimuth,  climb 
to  1500  feet  or  as  assigned.  At  the  6.5  PDflE  turn 
left  80  ,  upon  completing  the  turn,  turn  right  260° 
to  intercept  the  00°  Azimuth  and  track  inbound. 

At  no  time  during  the  manuever  exceed  the  R14° 
Azimuth  or  the  9,0'  POME,  adjust  turn  rate  as 


tltv  76 


necessary. 


Note:  Manuever  Airspeed  90  knots; 
Minimum  Turn  Bank  Angle  is 

1  il  0  ^  _ 


in  a  No  wind  condition. 


iBiKiiBiiaiiiiil 


ATLANTIC  CITY,  NfWJUilT 
ATLANTIC  CITY(ACY) 


.->  .-fjrrjrwy 


Pilot  Questionnaire 
Steep  Anqle  Approach 

late  EL  Anqle 

i  lot _ ■  Wind  n/V _ 

All  questions  relate  to  IMC  MLS  operational  performance. 

1 .  Was  the  EL  anqle: 

Too  shallow  About  Right  Too  steep 

1  2  3  4  5  6  7 

2.  Could  the  EL  angle  be  steeper?  1~|  yes  |~|  no 

3.  Indicate  the  difficulty  experienced  in  intercepting  and  maintaining 
the  gl ide  path  angle. 

Very  easy  About  Right  Very  difficult 

1  2  3  4  5  6  7 

4.  Indicate  the  difficulty  experienced  in  keeping  the  A7.  needle  centered  in 
relation  to  the  EL  angle  being  used. 

Very  easy  About  Right  Very  difficult 

1  2  3  4  5  6  7 

5.  Indicate  your  assessment  of  the  stabilized  power  setting  relative  to 
operational  procedures. 

Too  low  About  Right  Too  High 

1  2  3  4  5  6  7 

6.  Compare  the  difficulty  of  visual  transition  and  landing  from  a  _ 

angle  to  a  normal  3  degree  ILS: 

Much  less  Same  Much  More 

1  2  3  4  5  6  7 


C-1 


I 


7.  Compare  the  workload  of  a 


Much  Less 
1 


?  3 

8.  Was  the  GS  intercept  distance  from  DH 


Same 

4 


GS  to  a  normal  3  degree  ILS. 
5  6 


Much  More 
7 


Too  Short 
1 


About  Right 
4 


2  3  4  5  6 

9.  What  is  your  recommendation  for  the  maximum  allowable  rate  of  descent; 


Too  Long 
7 


_ fpm. 

10.  What  is  your  recommendation  for  a  minimum  at  DH? 

ri  100  ri  150  ri  200  ri  250  ri  300  ri  other 

11.  Was  this  DH  satisfactory  for  the  execution  of  a  missed  approach?  _ 


C-2 


PILOT  QUESTIONNAIRE 
MLS  DEPARTURE 


Date 


Hind  D/V 


Pilot 


What  degree  of  difficulty  did  you  have  maintaining  the  specified  AZ  course? 

5 


Easy 

1 


2  3 
Was  the  difficulty  based  on 
|~l  Workload? 

|~|  Sensitivity  of  the  AZ  course? 


None 

4 


Very  Difficult 
6  7 


I  I  Other?  What  nature 


Comments : 


PILOT  QUESTIONNAIRE 


MLS  shuttle  patterns 


Date _ 

Pilot _ 

1.  Were  the  POME  fix  distances? 

Too  close  together  • 

1  2  3 


Wind  D/V 


About  right 

4 


Too  far  apart 
6  7 


2.  Was  the  distance  between  the  two  AZ  courses  sufficient  to  execute  the  turns? 


Too  close  About  right  Too  far  apart 

1  2  3  4  5  6  7 

3.  Was  the  workload? 

Very  low  About  right  Too  nnjch 

1  2  3  4  5  6  7 

4.  How  would  you  compare  the  shuttle  pattern  to  a  conventional  holding  pattern? 


About  right 

4 


Too  far  apart 
6  7 


Too  much 
6  7 


Much  easier 
1 

5.  Comments: 


Much  more  difficult 
6  7 


-"-A  •-M  --n  '*w»  -  •  i-  •  -V  -S  JV  ^  w  _%  .  Sl 


PILOT  QUESTIONNAIRE 
MLS  COURSE  REVERSALS 


Diile_ 
Pi  lot 


Wind  D/V 


1.  Vl(!r(*  lh«;  A7  courses  used  for  containment? 


Too  close 

1  2  3 

?.  Were  the  POME  fixes  used? 
Too  close 

1  2  3 


About  right 
4  5 


About  right 
4  5 


Too  far  apart 
6  7 


Too  far  apart 
6  7 


3.  Was  it  helpful  to  provide  the  maximum  POME  distances  for  containment? 


n  Yes 


I  I  No 


4.  Was  the  specified  heading  sufficient  to  intercept  the  AZ  course  defined  for 
the  course  reversal? 

Cl  Yes  Cl  No 

5.  Was  the  approach  course  capture  from  thfi-turn  reversal  acceptable? 


fi. 


I_l  Yes  |_|  No 

How  did  the  test  turn  reversals  compare  to  a  "conventional"  procedure  turn? 


Easier 

1 

/ .  Comment : 


Same 

4 


More  difficult 
6  7 


C-5 
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APPENDIX  D 

SAMPLE  VALIDITY  PLOTS 


-N  -S  .V  t.\  -•^V-  ^  A  ^  '-  *.  *.  *.  '■  •-  •.  ^ 


rj  WA  1  I  i  I  I  AN  i  ^  NM  I  I 


IJA  I  *  r«(H  t  i**!  0 


INP 

PUN 


OAI A  f ROCt  sseo  B 


V  >  N 


f’lLDTS  PAPRnCKi  .MCKINNEY  nAIE-0/l5/8b 


c  ^ 


c  U 

Ui 


^  u 
l/»  — 


K  — 
O.  < 


O 


A 


CL 

'oj  C. 
CL  C 

n  — 

CT 


Z  3 

z>  ct 

(T  • 


r-'  — 

r^j  .. 

Q  ^ 

O 

U,  ■• 
r  r-' 


A 


^ 

—  ct:  < 
u-  <  r 

r  •—  'VI  o 

3  'uu 

Z  C 

'  Z  3 

z  —  a:  ^ 


jO 

,  J  I 


00 


'V,11  N'jIlVlAZJ 


J  J 

N' ) 


i  V  A  3  1 


D-IC 


(  1 WN)  ;j";NV  1 '  I  'J  AVMN.I'J  '  NfJ  IV 

O''  ■  /  ,  nu  •  ^  ()0  ■  t  ,  II)  I  (JO  ■  I  -  00  ■ 


97615  P 1  LOT S : SCOT T  . AVER  OATE^  lO/lb/86 


9 


L  ■  < 


—  cr  <  ?■ 

-1-  <  _i 


—  q:  n  _i 


-0 • CQ^ 


^0 ■ cje 


00  0^2  00  0?  I 

0  1*  ( 1'  V  i  3  3 


00  02;  X 

'  333  1  I  nv 


D-13 


^  ‘  .N  ^  -V  N.  %  N  •*  \' 


INPUT  I-  1  LE  .  >MFCn  58  .  RUN  NUMRE 
RUN  START.  ^10^9:  5  .  RUN  STOP 

4  DEG  LAND 


INPUT  F 
RUN  ST  A 
5  ntG  M 


g^bl  5  pilots  ARGUS. MCKlNNtY  DATE-  S/M./Sb 


/A  J 

UJ  • 

_i  —  d.  — 

—  d:  <  ?r 

Li.  <  ZI 

»—  LT  LD  cr 

_  Lu  Lu 

Q^  z  a  '-n 

2  3  < 

—  o:  -I 


-  Op  c^  QZ  00 ■ 0  Se  02-  1 

,0i*  fi35J)  3"NVi3IG 


Hf  R 


■9761J  PILOTS^HACKLER. MCKINNEY  DATE:  8/24/86 


—  cc  <  2r 

U_  <  — J 

t—  c/)  o  a: 

^  LU  Lu 
CL  2  a  09 
Z  < 

Z  —  Q:  e/^  -I 


9/  ■  09 


19  •  Ot- 

,0  i 


9^  ■  OZ 

(i33d) 


OO'O  9^■0^-  19 

33NViSia  Avr^NPd 


07- 

SSOdO 


INPUT  FILE . 'nFC049. .  RUN  NUMB 


FEET  FROM  POINTS 
THETA  _ 


2671 3.59 


26536.32 


26423. OQ 


26259.18 


26095.36 


25931.55 


25767.73 


25603.91 


25440.1 0 


15276., 


1511 2.46 


14948.64 


14734.33 


r4457.1  9 


C-172  3  DEGREE  MLS  APPROACH 

COMPOSITE  DATA  FILE  CU 2 : C F C 3 F A  .  C S L 
DECISION  HEIGHT  200  FT 

stancaro  statistics  summary 


LONGITUDINAL  3INS  FOR  FINAL  APPROACH  SEGMENT 

elevation  total  system  error  (FT) 


DATA  collected  ANC  PROCESSED  AT: 

_ THE  FAA  TECHNICAL  CENTER _ 

ATLANTIC  CITY  AIRPORT,  NJ  08405 


STANDARD  SKEWNESS 
DEVIATION _ 


■85.069 


-80,229 
-74.1 47 


-68.71C 


-62.983 


-58.284 


-53,812 


-49.054 


-44.642 


-37.1 39 


-31 .44C 


■27.6SC 


76.753 


75.231 


73.299 


71.477 


70.084 


69.045 


68.780 


68.076 


67.31 9 


66.81 2 


66.442 


65.445 


62.541 


•2.998 


-3.107 


-3.299 


-3.457 


-3.580 


-3.711 


-3.707 


-3.697 


-3.688 


-3.524 


-3.397 


-3.384 


KURTOSIS  BIN  n 


17.970 


18.900 


20.283 


21.517 


22.506 


23.626 


23.623 


23.881 


24.362 


24.432 


14.609 


24.630 


14.706 


25.093 


CATA  COLLECTED  ANC  PROCESSED  AT: 

_ THE  FAA  TECHNICAL  CENTER _ 

ATLANTIC  CITY  AIRPORT/  NJ  08405 


FEET  FROM 
THETA 


POINTS 


STANDARD  SKEWNESS 
DEVIATION 


KURTOSIS  BIN  M 


s  S 


"v.'^'L''.”''.*'^."r'7 


'^=T^.v.^'^■^■■.^v.^-^v^"■’^■■^  .■^■T.".- V  V  ■■"  vv.v/.vji.-v: 

.V. 


C-17Z  3  0:GS£=  mS  iPPSCACH 

COMPOS  ITc  CAT  A  FILE  ObZ.-C^ClFA.CSL, 


CcCISION  mEIOmT  20C  FT 

STA^CAR^  STATISTICS  SUMMARY 


LONGITUOIMAL  BINS  FOR  FINAL  APPROACH  SEGMENT 


elevation  total  system  error  (ft) 


data  collected  ANC  processed  AT: 

_  THE  FAA  TECHNICAL  CENTER 


ATLANTIC  CITY  AIRPORT/  NJ  08A05 


» 


:: 


r. 


V. 


21180.85 


71 


-13.336 


A4.467 


-0.621 


7.962  242 


» 


21C17.03 


71  . 


-12.766 


43.978 


•C.552 


7.712 


241 


20853.21 

71  . 

-12.601 

43.529 

-0.423 

7.147 

240 

20689.40 

71. 

-12.786 

43.639 

-0.319 

6.495 

239 

20525.58 

71  . 

-13.153 

43.554 

-0.292 

6.099 

238 

20361 .76 

71  . 

-13.199 

43.089 

-0.272 

5.478 

237 

20197.95 

71  . 

-13.049 

42.7C7 

-0.300 

4.980 

236 

C'17;  3  :ESR£=  f-LS  4PP8CACH 

CO^^PCilTE  DATA  file  Olj  2  :  C  F  C  3  P  A  .  C  S  L 
D  e  c  I 0  N  M  c :  3  H  T  "  ‘  i  n  o  p  r' 

STANCARC  STATISTICS  SUMMART 


LONGITUOINAL  91NS  FOR  FINAL  APPROACH  SEGMENT 
ELEVATION  TOTAL  SYSTEM  ERROR  (FT) 


ATLANTIC  CITY  AIRPCRT/  NJ  C8A05 


stancarc  skewness 

DEVIATION 


KURTOSIS  BIN  n 


'5.0  . . 

■S.iTT 


3e  . 
T6.6;5 
T'.s:: 


1  .E2! 

5 ,73? 


10.371  187 

T7.:3C  T5t 

7  .  4  3 :  1  9  s 


C-17i  3  CEiS£:  MLS  floPKCACM 

COMPOSITE  DATm  FIl; _ 0UZ:C  =  C3F ft . C i L , 

CECISION  hsIGmT  23D  FT' 

stancard  statistics  summary 


longitudinal  bins  for  final  approach  SEGMsMT 


elevation  total  system  error  (FT) 


DATA  collected  and  PROCESSED  AT; 
THE  FAA  TECHN 


ATLANTIC  CITY  AIRPORT,  NJ  C8A05 


^  f  ^  r.  — J .  I  L  I.  ■  ,  .  . . 


C-17i  5  2Hjat£  ^‘Li  iPPfCiCH 

coHp_c j;T£_j:iT4  f:le _ cu2i^^CiFA,tu 

CEC is:qn  height  2GC  pt 


ST4NC4RC  statistics  SU«H4RY 


longitudinal  sins  for  final  approach  segment 


azimuth  total  system  error  <PT) 


CATA  COLLECTEC  ANC  PHOCESSEC  AT: 
The  FAA  technical  center 


ATLANTIC  city  AIHPCRT,  NJ  08405 


p  E  :  T  FROM 
The  ^  A 


POINTS 


MEAN 


ST ANOA  RC 
deviation 


SHE -NESS 


KURTOSIS 


BIN  « 


‘-V 


.  / 


7C. 

-52.534 

1  EC  .  865 

0.07C 

2.268 

26C 

• 

71  . 

■-  54.774 

126.144 

C.035 

^176 

25? 

-  . 

71  . 

-56.117 

1 23.  3G6 

C.OCJ 

2.143 

256 

longitudinal  3INS  FOR  FINAL  APPROACH  SEGMENT 


azimuth  total  system  error  (FT) 


DATA  COLLECTED  AND  PROCESSED  AT: 

The  faa  technical  center  _ 


ATLANTIC  CITY  AIRPCRT/  NJ  Q84Q5 


t  -  3 

rCT6T.7d 

ZDTV7.75 


J  ^  3  <•  .  1  , 

1V570-T1 


^54. 34V 


3  .  *•  u 

-66 .T3r 

-66,544 


T7T-3V7 
T77. 474 


-3743  3 
-7.413 


■3^7533 - 734 

34.6  33  ^'T3T 


COMPOSITE  CATA  FILE  OU 2 : C FC 3 F A , C 3 L 


CECISION  height  iOO  FT 

STANCARD  STATISTICS  SUMMARY 


DATA  COLLECTEC  AND  PROCESSEu  AT: 
THE  FAA  TECHNICAL  CENTER 


ATLANTIC  CITY  AIRPORT/  NJ  08405 


LONGITUDINAL  BINS  FOR  FINAL  APPROACH  SEGMENT 


AZIMUTH  total  SYSTEM  ERROR  (FT) 


CATA  collected  AND  PROCESSED  AT: 
_  THEFAA  TECHNICAL  CENTER 


ATLANTIC  CITY  AIRPORT/  NJ  C8A05 


13645.26 


13431.44 


13317.62 


13153.81 


12989.99 


12326. 


•26.693 


■2 


•27.1 21 


■26.714 


26.372 


117.243 

116-716 


115.093 


113. 326 


111.970 


•0.256 

•0.235 


•0.203 


-0.159 


3.389  196 

3.398 


3.343  194 


r  1  ■;  1  y  v, 

( 1  . 

-  ^  r'f 

101.676 

-C.U65 

3, 

T7CC7',39 

7T. 

^  ■  -TT.“67t  ~ 

9 9. TIC  ‘ 

T  ^ 

11843.27 

71.  ^ 

-32.79t 

«7.3;9 

■-■:.C73 

2  ^  c 

T.Oe:  IBe 

1S5 


LONGITUDINAL  8INS  FOR  FINAL  APPROACH  SEGNENT 


s. 


“C-172  3  C£3r£E^HLS  4PPB04CH 

C_S  I  T£  DATA  FILE  Sl:2  :  C  F  C  3  F  A  .  C  S  t 
CEClSION^hEIofiT  200  FT 

stancaro  statistics  summary 


LONGITUOINAL  51ns  for  final  approach  segment 


azimuth  total  system  error  (Ft) 


8403. T  1 
T2  3T729 


•56.184 
•  5 


■58.654 


76.580 


76,733 


77,319 


77.152 


76,257 


75.598 


74.189 


2. 


72.182 


6 


■0.856 


-0.897 


•0.990 


■1 .05C 


■1.063 


■1.055 


-0.947 


45 


■0.773 


1  :  V.  5  7 


2.687 


■  6  U  . 

•56.235 

'50.597 


68. 

6  7  ,  6  6 
”66.^6  6*. 


■0.5  32 


3.359 


3.  880 


4.044 


4.154 


4.209 


9 


4.028 


3.768 


3.487 


3.341 


3.241 


3.179 


3.219 

3.260 

Tr2l]"T 


] 


OATA  collected  ANC  processed  AT: 

The  FAA  technical  center 

' 

ATLANTIC  CITY  AIRPORT/  NJ  08405 

_  i 

C-172  3  DEGREE  MLS  APPROACH 

COMPOSITE  DATA  FILE  DU  2 : C FC 3 F A . C 5 L 
CECISION  MEIGMf  200  FT 

standard  statistics  summary 


longitudinal  bins  for  final  APPROACH  SEGMENT 


AZIMUTH  TOTAL  SYSTEM  ERROR  (FT) 


DATA  COLLECTED  AND  PROCESSED  AT 

THE  faa  technical  center 


ATLANTIC  CITY  AIRPORT/  NJ  08405 


=  T  1=  9  M 

POINTS 

MEAN 

STANDARD  SKEWNESS 

KURTOSIS 

BIN  I 

T  -t  T  i 

DEVIATION 

•40.534 


44.357 


45.958  -0.091 


77.IC7 

T8.D7C 


T-T.Tvy 


wn 


--1  ^ 
c  M  ^ :  T  i 


.  -  T  fi  ^  I  L  E 


iPPR  CACh 

.  :':C‘^C3ma.CS« 


MINIMA  ANALYSIS  STATISTICS 


CECISICK  HEIGHT  20C  FT 


:aTA  CCLLECT5D  AND  PPOCESSEC  AT: 
the  FiA  TECHNICAL  CENTEP 
ATLANTIC  CITY  -IRPCRT,  NJ  C8405 


There  bere  n.  plns  that  reached  decision  height 


R  c :  N  ’  s 

L  7. 


P  C  I  N  S 
27. 


F . :  N  i 

4  V . 


F  :  N  T  E 


along  track  AT  decision  height  (FT) 

MEAN  STD.  DEV.  SAE-vNESS  KUPTOSI 

3319. 6£  1267.09  -2.05  5.72 


CRCSS  TRACK  AT  DECISION  HEIGHT  (FT) 

MEAN  STD.  CEV.  SKEWNESS  K^RTCSI 

-C.AC  63.77  -C.ie  3.55 


along  track  at  lowest  Altitude  (rt) 

MEAf,  STD.  LEV.  SKExNESS  KUP' 

IaCa.OE  :5o.5e  -C.cC 


BOSS  TRACK  AT  LOWEST  A;.TITijOE  (FT) 


ME  t  N 

-  S  .  8  • 


I  E  S  ’  A  . 

WEAN 
’  9  !  .  '  9 


STS.  LEV.  S‘)»*NESS  KuB 

T  V .  S  1  L  .  5  : 


)  (F  ' 


.  f  ■  .  s  •  '  S  ' 


»  r  .  i- 


'*ii  *1 


C-172  4  DEGREE  MLS  flPPROACK 

COMPOSITE  DATA  FILE  Ol 0 : C F C AM A . C S M 


MINIMA  ANALYSIS  STATISTICS 
OECISICN  HEIGHT  200  FT 


DATA  COLLECTED  AND  PROCESSED  AT: 

THE  FA  a' technical  CENTER 
ATLANTIC  CITY  AIRPORT/  NJ  C8405 


THERE  WERE  30.  RLNS  THAT  REACHED  DECISION  HEIGHT 


along  TRACK 

AT 

DECISION 

HEIGHT  (FT) 

POINTS 

MEAN 

STD.  DEV. 

SKEWNESS 

KURTOSIS 

30. 

2822.03 

588.14 

-3.79 

19.07 

CROSS  TRACK 

AT 

DECISION 

HEIGHT  (FT) 

POINTS 

MEAN 

STD.  DEV. 

SKEWNESS 

KURTOSIS 

30. 

-2.21 

75.82 

-1.95 

C.11 

ALONG  TRACK 

AT 

LCWcST  ALTITUDE  (FT) 

POINTS 

MEAN 

STD.  DEV. 

SKEWNESS 

KURTOSIS 

51. 

2391 . 21 

715.48 

-1.12 

4.  CO 

CROSS  TRACK 

AT 

LOWEST  AL 

TITuDl  (FT) 

POINTS 

MEAN 

SID.  DEV. 

SkEwNESS 

KURTCSIS 

51  . 

-1C. 92 

VI. 5C 

-C.  92 

5.^2 

lowest  a  l  t  :  t 

oS  E 

(  p  T  ) 

p ^  ’  s 

"  E  A  N 

STS.  . 

j  ^  *  ■■  N  ’  'j 

«  1 

I'-A.  3C 

It.  3  fi 

:  .  4’ 

t  . 

*-  1  ,  ^ '  . 

i  ‘  ’ 

) 

p '  . ;  ’  . 

M  -  ^ 

•  . 

K  w  ' 

2  '  .  . 

4  -  .  '  ' 

r  • 

5  .  »  ■» 

r.-  V'  N."  -w'  V'  *>.'  ifc- 


■-  ■.  -.  •_ 


C-1  72 
COMPOSITE 


5  CEGRcE  MLS  APPROACH 
DATA  FILE  DLO : C F C 5 M A . C SM 


MINIMA  ANALYSIS  STATISTICS 
DECISION  height  200  FT 


CATA  COLLECTED  AND  PROCESSED  AT: 

THE  FAA  TECHNICAL  CENTER 
ATLANTIC  CITY  AIRPORT/  NJ  08405 


THERE  WERE  37.  RONS  THAT  REACHED  DECISION  HEIGHT 


ALON^  TRACK  AT  DECISION  HEIGHT  CFT) 

POINTS  MEAN  STD.  DEV.  SKEWNESS  KURTCSIS 

37.  2264.34  217.89  -0.95  4.05 


_  CROSS  TRACK  AT  DECISION  HEIGHT  (FT) 

POINTS  MEAN  STD.  DEV.  SKEWNESS  KURTCSIS 

37.  8.9£  71.72  -0.03  2.45 


POINTS 
51 . 


ALONG  TRACK  AT  LOWEST  ALTITUDE  (FT) 


MEAN 
1 720. 42 


STD.  DEV.  SKEWNESS  KURTCSIS 
tie. 56  -Z.ZZ  12.64 


CROSS  TRACK  AT  LCWcST  ALTITUDE  (FT) 

POINTS  MEAN  STC.  CEV.  SKEnNESS  klRTCSIS 

51.  -12. o7  39.29  -C.49  2.70 
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APPENDIX  I 

SAMPLE  LANDING  SEGMENT  SCATTER  PLOTS 
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